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Mr. R. Phillips on the Electricitj of Condensation. 103 

I. Oxygen. II. Oxygen. 
CuO . . . .  ~8"16 9"71 46"59 9"40 
AF OS-'~ ( 1 1 " 0 6  5,14} 
FCOS f . 11.70 5"17. 1.18 0"36 5"50 
SO s . . . .  15.38 9.~1 14.12 8'~5 
H O  . . . . 23-06 20"49 23"06 20,49 
Matters insoluble~ 

in dilute NO '5 . f  . . . . . .  2"35 

98.30 98.s6 
Hence  the following empirical formula~ the iron being omitted 
as accidental. 

6CuO, A1 ~ O a, 2SO 8, 12HO. 

Calculated from this formula, the composition i s - -  
(CuO=S9 '71 ,  A12Oa= 51"44, SOS=40"1% H O = 9 ) .  

CuO . . . . .  49'85 
Al ~ O a . . . .  10"76 
SO 3 . . . . .  16"78 
H O  . . . . .  92'59 

99"98 
The  results of the preceding analyses agree very well with 

each other and with the composition deduced from this for- 
mula, when it is considered that different parts of the specimen 
were operated on, that the quantities employed were neces- 
sarily very small, and that it was impossible to separate per-  
feetly the extraneous matter, consisting of brown (FC O s) 
and white particles (probably basic sulphate of alumina). 

I have not attempted to deduce any rational formula, as 
probably several might be proposed equally plausible. 

On a future occasion I hope to present the results ot" the 
examination of another substance which frequently accom- 
panies velvet copper ore. 

X l I .  On the connexion of the Electricity of Condensation with 
Lightnh~g and the Aurora. By REUBEN PHILLIPS, ESq.% 

[-Continued from vol. xxxv. p. 497.] 
70. l I T  was found (48.) that by particular management the 

.l_ boiler was rendered positive by the escape of steam. 
I have since then discovered a more advantageous method of 
producing this effect. 

71. The  weight was removed from the lever of the satiety- 
valve, and the weight of the lever only allowed to act on the 

* Estimated as A1 ~ O ~. 
t Communicated by the Author. 
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104 Mr. R. Phillips o~ the connexion of the Electricity of 

valve, which admitted of a pressure being maintained in the 
boiler equal to about 6 lbs. on the inch; everythir,g else was 
as before (48.). The  boiler was connected with the single- 
leaf electrometer. When  the cock was opened a little, so 
that tile steam might escape fi'om the brass jet with very little 
force, probably a few ounces on the inch, tile boiler became 
feebly positive. On opening tile cock more, tile positive elec- 
tricity of the boiler became stronger until the pressure at the 
jet  was increased to what I estimated to be about 3 lbs. on 
the inch; afterwards the positive electricity of the boiler be. 
came less, aud at 6 lbs. on the incil the boiler was strongly 
negative. 

72. The  larger collector was placed in the steam at a di- 
stance of about 6 inches from the brass jet, and united with 
the single-leaf electrometer. Many of the lower pressures 
which readily made the boiler positive did not cause the 
steam to give any electricity to the electrometer;  but when 
the pressm'e was increased to 2 or 3 lbs. on the inch, a nega- 
tive charge was given to the electrometer. The  negative state 
of  the steam, like the positive state of the boiler, went on in- 
creasing, within certain limits, with the pressure. The  boiler 
was always positive when the steam was negative. 

73. When  the pressure was increased to a degree a little 
lower than that at which the boiler changed from positive to 
negative, the steam communicated a positive charge to the col- 
lector, even at a distance of a tbot  from the end of the brass jet. 

74. The  Armstrong's condenser with water, being inter- 
posed between the boiler and jet, did not much alter the above 
effects; however, I think I may certainly say that the boiler 
changed from positive to negative at a lower pressure than it 
did without the condenser. When the boiler was positive, the 
sound of the steam was a smooth hiss; but as the pressure 
was increased it changed to a roar, the boiler becoming at the 
same time negative. With a very feeble roar the boiler was 
neutral, which neutrality I have occasionally observed without 
the condenser. The  steam was also found to be negative as 
before; I did not however try to make the steam and boiler 
both positive with this arrangement. 

75. The  gun-barrel and brass tube were placed before the 
jet as formerly (58.), and connected with the boiler and single- 
leaf electrometer, the steam being at abont 6 lbs. on the inch. 
W h e n  the cock was fully opened, the electrometer was posver- 
fully acted on by positive electricity ; and on holding the large 
collector in the steam and then bringing it to this electrometer, 
it also communicated a positive charge. In order to produce 
these effects, it was necessary that plenty of water should be 
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Condensation with Lightning and the Aurora. 105 

discharged with the steam, which was effeeted by giving the 
condenser time to cool betbre an experiment was made. 

76. I t  is now seen that a simple alteration of the pressure 
is sufficient to change the electrical state of the boiler from 
negative to positive, and the steam from positive to negative ; 
and this takes place not in any adventitious manner, tbr [ 
could as easily and with equal precision make the boiler posi- 
tive as negative. 

77. A platinum blowpipe jet was united to the apparatus 
for producing an artificial fountain by condensed air ; tile jet 
was fixed rectangularly to the pipe of the fountain, and its 
aperture was very fine; so that when the water was ejected 
under a pressure of four or five atmospheres, the stream be- 
came divided, at a distance of about 12 to 18 inches, into a 
stream of fine drops. I t  was found advisable to keep a very 
fine piece of platinum wire in the aperture of the blowpipe 
jet, as it prevented its becoming stuffbd up, and by moving 
the wire ! could greatly vary the shape of the discharge. 
The fountain itself consisted of a brass cylinder about 7 inches 
long and S inches diameter, with the two flat ends soldered 
on. I think this construction should never be employed ; for 
the varying flexion, though invisible, of the brass ends, the 
thickness of which cannot be seen, appears gradually to de- 
stroy the continuity of the solder, and the instrument becomes 
liable to burst, as mine has done. 

78. The larcrer eolleetor was held ]~ya tube-holder, and 
connected wit~ the single-leaf eleetro,,~ter, and water was 
discharged ti'om the fountain through the platinum jet so that 
the drops might fall on the wire-gauze, the distance between the 
gauze and the jet being from one to two feet ; the electrometer 
became charged positively. The intensit3~ of the charge was 
very variable, depending on the form of the aperture of the 
jet:  when the water issued as a compact stream, the electri- 
city was strong; but when the platinum wire was so placed 
that the discharge flew into minute drops almost as soon as it 
left the jet, there was always very little or no electricity ob- 
tained. When the distance between the jet and gauze was 
diminished to S or a. inches, there was no electricity produced. 
Distilled and common water were used with about equal effect 
in these experiments ; and I fi)und, too, a brass jet might be 
substituted for one of platinum. This species of electricity 
was during my experiments frequently so abundant, that I 
doubt whether a jet of water, properly discharged, perhaps 
through an Armstrong's jet, would not be a better source of 
electricity than a jet of steam. 

79. The fountain being insulated, the discharge of the water 
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106 Mr.  R. Phillips on the connexion, of  the ~leetricit~ of  

was found to leave it negative ; and when the sereen which 
received the water was also connected with the electrometer, 
no electrical effects were produced : this, however, at present 
rests on only one experiment, in which tile insulation was not 
so good as I should have liked. 

80. The  above method of electrical excitation has an im- 
posing appearance of novelty; but since tile ordinary fric- 
tional electricity of steam is produced by water rubbing 
against the discharging passage (Faraday), the above experi- 
ments must be regarded as a singular case in which the quan- 
tity of water is infinite with regard to the quantity of steam. 

81. Steam was discharged from the brass jet as before (71, 
72.), and the larger wire-gauze collector was held by means of  
a tube-holder at distances varying from 6 to 12 inches from 
the end of the brass jet. The  pressure in the boiler was low, 
and the steam was so slowly discharged from the jet that it 
imparted no electricity to the screen. A stream of water was 
now discharged from the platinum jet  of the fountain through 
tile current of steam, generally in the same direction as the 
steam was passing, so that the water might fall on the screen 
which was connected with the single-leaf electrometer; a ne- 
gative charge was obtained. As the pressure which drove the 
steam out was increased, so this negative charge increased in 
intensity until the steam was about to become positive. In per- 
forming these experiments, care was taken to adjust the plati- 
num jet so that the electricity of the discharged water might be 
little or nothing; otherwise a positive charge was obtained from 
the water. The  length of the eolunm of water and its solidity 
were greatly varied; and it was thus found advantageous, in 
order to have a strong negative effects that the stream of water 
should be rather compact as it issued from tile jet, and that 
the water should pass over a distance of 2 or S feet before it 
entered the steam. The  amounl~ of electricity collected was 
very variable under apparently similar circumstances, but it 
was always negative. The  state of the boiler was frequently 
examined, and was always found to be positive. I also dis- 
charged the steam through some other jets instead of  the 
above-mentioned brass one, but the results did not vary. 

82. This negative charge given to the screen was, I think, 
only produced by the drops of water collecting negative elec- 
tricity from the steam, much in the same way as the wire- 
gauze did (72.). 

85. The  steam-cloud, instead of being allowed freely to 
escape, was received into a tin pipe. This pipe was 2"5 inches 
diameters and one end formed a right angle to the rest of  
the pipe; the greatest length of one limb of this pipe was 
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Condensation with Lightning and the Aurora. 107 

13 inches, and of the other 3'5 inches. The  shorter limb 
stood before the brass jet, with its central line coinciding with 
the central line of tile path of the steam; the hole of this 
smaller limb was also fitted with a bung having a hole in its 
middle 1.:3 inch diameter. The  longer limb formed an angle 
of about 25 ° with the horizon, and was attached to a glass rod 
by which the tin pipe was insulated. The  distance of the end 
of the brass jet  fi'om the nearest part of the bung was 2"5 
inches, and the tin pipe was connected with the single-leaf elec- 
trometer. 

8¢. The  above arrangement having been completed, the 
fountain was held at about 8 inches from the open end of the 
longer limb, and a stream of water from the platinum jet di- 
rected axially through the long arm of the pipe ; no electricity 
was produced. Then  while the water was flowing, the cock 
of the boiler was turned a little, so that the steam might issue 
from the jet under some very low pressure, perhaps a foot of 
water : an abundance of positive electricity was now obtained ; 
but on again shutting offthe steam~ no electricity. The  boiler 
was uninsulated. 

85. I found this electrical effect to increase as the pressure 
was increased, always taking care to keep within tile point at 
which the boiler would have become negative. But that no 
doubt should remain as to the state of the boiler, I have often, 
immediately after having obtained the positive charge as above 
from the steam, connected tile boiler with the electrometer 
and found it always positive. 

86. The  longer limb of the tin pipe was now brought to an 
angle of about 55 ° with the horizon, and instead of the foun- 
tain I employed a pipette~ which was kept at about 2 feet from 
the end of the tin pipe; everything else remained as before. 
While  the steam was escaping into the pipe, as in former ex- 
periments (8¢, 85.), a slender stream of water was blown from 
the pipette which fell in drops through the steam in the pipe ; 
a positive charge was at once given by the water to the tin 
pipe, although before the water fell through the steam there 
was no effect produced on the electrometer. The  boiler was 
positive. 

87. An electrical effect was produced by blowing water 
from the pipette on an insulated screen, the screen hecoming 
positive. The  amount of electricity so obtained was very 
variable under apparently similar circumstances, and fre- 
quently nearly nothing for a great number of trials ; it was at 
such times that the above experiments were made, the pipette 
being examined as to its electrical powers both before and 
after each experiment, 
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108 Mr. R. Phillips on the Electricit 9 of  Condensation. 

88. I have not obtained any effect by discharging air with 
the steam from the boiler. My experiments were usually 
made by pumping air into the boiler, and discharging tile 
mixture of steam and air through tile brass jet, the pressures 
being generally low. At a pressure of 4,0 lbs. on the inch, 
the difficulty of getting air into the boiler was so great that 
my experiments are not satisfactory ; and certain capricious 
results were obtained, which I feel sufficiently convinced at 
present were produced by water being deposited in the dis- 
charging passages. 

89. The arrangement (5~.) was restored, and the tube was 
brought up close to the brass connecting piece, by which the 
end of the tube was partly closed. The steam was also at 
40 lbs. on the inch. The wire-gauze being held in the steam 
as it issued from the tube~ and then removed to the single-leaf 
electrometer, was found to lmve become negative. Thepiece 
of a gun-barrel was now substituted for the glass tube; the 
steam was also negative. These two experiments are merely 
variations of that formerly described (47.). ]t was singular 
to observe how suddenly and completely the electrical pro- 
perties of the steam were changed by moving the gun-barrel 
or glass tube out from the brass connecting piece. 

90. From the foregoing experiments, I think it follows that 
the electricity of condensation (51, 52, 56, 8¢, &c.) is developed 
by drops of water moving either with, or contrary to the elec- 
tro-current of condensation (11, 1~, &c.). 

9i. I conclude from (90.) that rain is necessary to the for- 
mation of lightning, and from (86.) that the drops of rain need 
not possess any very great velocity. 

92. As to the connexion of lightning with rain, I have but 
to refer to Mr. Birt's paper (Phil. Mag.~ vol. xxxv. p. 161); 
and with regard to the connexion of mist with the aurora, I 
refer to M. De la Rive's paper (Phil. Mag,  vol. xxxiv, p. 291). 

93. It has been suggested by Sir John Herschel that the 
light of the sun may be produced by electric currents; and is 
it impossible that these currents may be of the same nature 
as our lightning and aurora? The sun has a dark body, an 
atmosphere, and a difference of temperature. 

7 Prospect Place, Bali's Pond Road, 
January 10, 1850. 
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